Guidelines for Modelling Time and Cost Uncertainty in Project and Programme Management  by Maravas, Alexander & Pantouvakis, John-Paris
 Procedia - Social and Behavioral Sciences  74 ( 2013 )  203 – 211 
1877-0428 © 2013 The Authors. Published by Elsevier Ltd.
Selection and/or peer-review under responsibility of IPMA
doi: 10.1016/j.sbspro.2013.03.045 
26th IPMA World Congress, Crete, Greece, 2012 
Guidelines for Modelling Time and Cost Uncertainty in 
Project and Programme Management 
Alexander Maravasa,*, John-Paris Pantouvakisb 
a Ph.D. Candidate, Centre for Construction Innovation, Faculty of Civil Engineering, National Technical University of Athens, 9 
Iroon Polytechneiou St., 15570 Athens, Greece 
bAssociate Professor, Centre for Construction Innovation, Faculty of Civil Engineering, National Technical University of Athens, 
9, Iroon Polytechniou st, 157 70 Zografou, Athens, Greece 
 
Abstract 
While it is commonly acknowledged that the presence of uncertainty is critical for the realization of projects and 
programmes, there is a lack of a holistic approach to its management. The paper starts first by reviewing the existing 
body of knowledge in time and cost uncertainty modelling in project management, portfolio management and 
programme management. Then, the theoretical, conceptual and practical differences between project and programme 
management are examined. Thereafter, the limitations in existing techniques are identified and the possibilities of 
improving coordination are examined. Finally, guidelines are presented to achieve the best alignment between project 
and programme strategy. It is envisaged that their application will help in achieving maximum benefits and value 
during programme management in the presence of uncertainty.  
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1. Introduction 
At the start of projects, uncertainty is high. There is uncertainty both about the nature of the asset to be 
delivered and the method of achieving it. Uncertainty in the goals tends to lie within the remit of the 
owner and sponsor and uncertainty in the methods with the remit of the steward, the project manager and 
the contractor (Turner et al., 2010). More so, projects and programmes are managed in an environment 
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with a high degree of uncertainty. Outside of the project, the general macroeconomic and political 
environment, the legal framework, largely affects project outcomes. At the level of the project, machine 
reliability, labour and machine productivity, unpredictable conditions, flaws in defining project scope are 
important in shaping the outcome. As such, numerous management decisions are often based on 
inconsistent, vague, ill-defined and imprecise data. In particular, during construction project scheduling 
the estimation of activity durations and cost may turn out to be unreliable. Consequently, the main 
estimations from project scheduling such a project completion time, final cost and expected cash flow 
may prove to be erroneous, inadequate and non-realistic. Ultimately, endogenous and exogenous project 
uncertainty hinders the validity of project scheduling and cost estimations.  
Understandably, the modelling and management of time and cost uncertainty are critical to the 
realization of project and programmes. In particular, whereas there are significant developments in the 
study of time and cost uncertainty in projects, applications in programme management are still far behind. 
More so, there is a lack of establishing a holistic approach that views programmes and projects together. 
Hence, after reviewing the existing body of knowledge in time and cost uncertainty in project and 
programme management, the goal of this research is to make proposals about how this can be managed 
better.  
2. Literature review 
2.1. Definitions of Project and Programme Management 
There are several definitions of project, programmes and their management in the literature. In the 
International Competence Baseline (ICB) a project is defined as a time and cost constrained operation to 
realize a set of defined deliverables (the scope to fulfil the project’s objectives) up to quality standards 
and requirements (Caupin et al., 2006). In the PMBOK guide, a project is a temporary endeavour 
undertaken to create a unique product, service, or result (PMI, 2004). In the “Guidebook for Project and 
Program Management for Enterprise Innovation” (P2M), a project refers to a value creation undertaking 
based on a specific, which is completed in a given or agreed timeframe and under constraints, including 
resources and external circumstances. Hence, a project has three basic attributes, namely: uniqueness of a 
project’s mission; temporary nature characterised by defined starting and closing times; and uncertainty 
such as environmental changes and risks. A project should also be a value creating undertaking (Ohara, 
2005). 
The ICB states that a programme consists of a set of related projects and required organizational 
changes to reach a strategic goal and to achieve the defined business benefits (Caupin et al., 2006). The 
PMBOK states that programme management is the centralized, coordinated management of a group of 
projects to achieve the programme’s strategic objectives and benefits (PMI, 2008). Additionally, 
Managing Successful Programmes (MSP) states that programme management is the action of carrying out 
the coordinated organization, direction and implementation of projects and transformation activities to 
achieve outcomes and realize benefits of strategic importance to the business (TSO, 2011). In the Gower 
Handbook of Project Management, programme management is defined as the governance and harmonized 
management of a number of projects and other actions to achieve stated business benefits and create value 
for the stakeholders (Turner, 2011). Finally, in P2M, programme management provides a framework of 
capability for an organization to flexibly adapt to changes in the external environment, by devising ways 
to cope with such changes, for achieving a holistic mission. This capability involves integration activities 
to enhance holistic value and to achieve the mission by optimizing relationships between projects (Ohara, 
2005). 
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2.2. Scheduling and uncertainty modelling in Project Management 
In the current project execution environment, the major and mainstream scheduling tools can be 
summarized as follows: Critical Path Method (CPM), Program Evaluation and Review Technique 
(PERT), linear and repetitive project scheduling tools, (which are applicable to specific types of projects 
such as multi-story buildings, pipelines and highways), the Critical Chain scheduling method which was 
formulated after the Theory of Constraints, and Fuzzy Project Scheduling (FPS).  
In regard to the above, much criticism has been made on the applicability of deterministic scheduling 
tools (CPM, linear scheduling, critical chain). This criticism stems from the fact that these methods fail to 
deal effectively with the large uncertainty and imprecision of data prevalent in the construction industry. 
Issues such as project size, complexity, resource availability, uncertainty and various constraints reduce 
the applicability of such methods to practical applications. Overall, the complexity of real life problems is 
oversimplified in these models due to their deterministic data requirements, incomplete project 
information and the dynamic project execution environment. 
In response to the above criticism, probability theory and fuzzy set theory are two different approaches 
in the management and modelling of project uncertainty in scheduling. Probability theory deals with 
random events by assigning probability distributions to the data that is necessary for making decisions, 
i.e. PERT. However, there are several drawbacks since there are many objections as to which is the most 
appropriate probability distribution since every project is unique in its nature. Alternatively, fuzzy set 
theory deals with the imprecision of data that must be processed in order to manage projects. In particular, 
Fuzzy Project Scheduling is based on fuzzy set theory and is useful in dealing with circumstances that 
involve imprecision, vagueness and incomplete information (Herroelen & Leus, 2005).  
2.3. Programme and Portfolio Management 
Risk management in multi-project environments is an evolving area of research and industry practice 
(Maylor et al., 2006). Although project risk management is relatively mature, the programme risk 
management body of knowledge is still growing, and empirical evidence highlights the risks that are 
common to or amplified by working in programmes. Usually risks are associated with changes in 
government policy, diverse stakeholder aspirations and the challenges of multiple project procurement. 
These risks relate to the role of programme management in providing the link between individual projects 
and their strategic context. Hence, dealing with programme risks presents challenges, which require a 
different mindset from single project risks. This has implications for the skills set needed to concentrate 
on the significant areas and to take a holistic view of the project environment and its relation to the 
overall organisational context (Aritua et al., 2011). 
In terms of the mechanical components of the standard programme management approaches, these 
issues can be related to the insistence on a rigid programme hierarchy; the assumption of a linear 
programme life cycle; and utilization of a set of tools and techniques that are functionally indistinct from 
their project management equivalents (Lycett, 2004). Managers involved in the daily planning and control 
of project portfolios spend great efforts in maintaining optimal resource allocation and at ensuring that the 
project efforts are not wasted due to uncertainties. In addition, planning the project scope is a continuous 
activity involving tremendous efforts and resources. Managing project portfolios involves creating 
structures, introducing new processes, introducing new business models, which goes beyond project 
selection. These activities are not static. The environment is often constantly changing and the projects 
being managed in constant flux and in need of constant oversight, support, and alignment (Petit, 2012). 
Evaluation of risks must be based not only on delivering projects on time and within budget but also on 
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crafting, developing and operating a long-term business entity which can deliver the business objectives 
of the parties concerned while meeting or exceeding community expectations (Jaafari, 2001). 
2.4. Differences between project and programme management 
As Shehu (2009) concludes, programme management is not an alternative to project management, but 
the former is rather an approach that streamlines the latter in a multi-project environment. The two 
disciplines exist side-by-side and in constant interaction with one another. From the understanding of the 
multiple existing definitions of the two approaches (programme management and project management), it 
can be observed that the two are interrelated where programme management cannot do without project 
management and the existence of the former improves the latter. However, there are significant 
differences between project and programme management at the theoretical, conceptual and practical 
level. In a project, time and costs are defined in the business case and are manageable in the project. The 
business benefits are largely excluded from the project. In a programme, time, costs are roughly defined 
within the strategy since they are broken-down to individual projects within the programme. Benefits are 
largely included in a programme. Whereas the goal of projects is to produce deliverables, the goal of 
programmes is to achieve strategic change (Caupin, 2006).  
Research in uncertainty modelling in project management predominantly follows a mathematical 
approach. Starting from first-order uncertainty estimations, various algorithms are proposed to process the 
information and yield results. There is a significant lack of research in explaining how uncertainty 
estimates are derived as well as defining how scheduling results can be used in business processes. In 
regard to programme management little has been done to show how project uncertainty estimations can 
be integrated with the project execution context and aligned with programme strategy.  
Finally, it is observed that benefits management is at the very heart of programme management since 
programmes are primarily driven by the need to deliver benefits. A benefit is the measurable 
improvement resulting from an outcome perceived as an advantage by one or more stakeholders, which 
contribute towards one or more organizational objectives (TSO, 2011). However, even though much has 
been said about benefits management many approaches are qualitative and more needs to be done in 
terms of quantifying programme benefits in relation to project cost and time uncertainties. In this respect, 
there are many research issues in the quantification of benefits estimation, measurement and validation. 
Irrevocably, uncertainty in project and programme benefits has to be investigated and researched more 
thoroughly.  
3. Guidelines for uncertainty modelling in programme management 
3.1. Set standards for the use of common scheduling methodologies and tools 
The aggregation and comparison of cost and scheduling data is very important in programme and 
project management. At the project level, data and estimates must be collected from various project 
contributors at the activity level. Hence, uncertainty estimates must be made on a similar methodology 
(fuzzy or probabilistic), and the same scheduling algorithm must be used to yield first-order estimations. 
At the programme level, the compliance of the project start and completion dates with the programme 
goals must be checked. In addition, the aggregated cost uncertainty must be evaluated in regard to the 
programme resources, limitations and constraints. Understandably, the absence of standardization makes 
the comparison and aggregation difficult, if not to say impossible. Thus, programme managers should 
ensure that a common methodology for uncertainty modelling and scheduling is applied to all projects of 
the programme.  
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In this paper, Fuzzy Set Theory which was presented by Zadeh in 1965 will be used as the basis for 
modelling uncertainty and establishing a common methodology for a whole program. Table 1 shows the 
key elements in time and cost uncertainty in project management. Uncertainty modelling begins with the 
fundamental uncertainty estimations of activity duration, cost and resource availability. Then Fuzzy 
Project Scheduling is used to calculate fuzzy project cost and completion time as well as activity 
criticality. Beyond pure FPS, Maravas and Pantouvakis (2012) presented a methodology for calculating 
cash flow in projects including activities with fuzzy duration and or costs. Furthermore, Maravas and 
Pantouvakis (2011) presented a methodology for resource levelling in a project with uncertain activity 
durations. Ultimately, the success of a project is usually judged by if it delivered certain outputs in the 
allocated time and cost. However, every project additionally delivers specific benefits the value of which 
may also be uncertain. As will be shown later, these benefits need to be quantified and compared to the 
project time and cost.  
Table 1. Time and cost uncertainty modeling in project management  
Stage Elements 
Input Activity duration uncertainty, Activity cost uncertainty, Resource availability 
Process Fuzzy Project Scheduling, Fuzzy cash flow analysis, Fuzzy resource leveling 
Primary Output Fuzzy project cost & completion time, Activity criticality 
Fuzzy project cash flow, Fuzzy resource usage profile  
Secondary Output Fuzzy Project benefits 
In programme management uncertainty modelling is performed at the project and not the activity level. 
Effectively, as shown in Table 2, the outputs of uncertainty modelling in project management are the 
inputs for modelling in programme management. The programme cost, cash flow and resource usage 
profile is aggregated from all projects. The programme completion time is derived from the project that 
finishes the latest. After these values are attained the key issue is to check their compliance with the 
programme time, cost and resource constraints. However, unlike a project, the success of a programme 
will be determined mostly by the benefits it manages to realize. In most cases, the programme benefits are 
calculated by aggregating the project benefits, even though some more complex relationships may exist. 
Largely, it should be mentioned that the success of a programme may be affected by other actions beyond 
project realization. 
Table 2. Time and cost uncertainty modeling in programme management  
Stage Elements 
Input Fuzzy project cost & completion time 
Programme cash flow = aggregated project cash flow 
Programme resource usage profile = aggregated project resource usage profile 
Process Check Compliance with programme time, cost and resource constraints. 
Output Achieve change through benefits realization and value creation 
 Programme benefits = aggregated project benefits 
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3.2. Uncertainty mapping-“contextualizing” project uncertainty in the programme context  
Project activities have an obscure convolution of uncertainty from many sources. Currently, many FPS 
techniques start with activity cost and time uncertainty estimates. However, they do not clearly state how 
these estimates have been derived. As mentioned before, endogenous and exogenous project uncertainty 
hinders the validity of project scheduling and cost estimations. Hence, uncertainty mapping is defined as a 
process that seeks to find the sources and magnitude of uncertainty in project activities. In this respect, 
there is huge opportunity in communicating information between project and programme managers as to 
how uncertainty is created.  
Project and programme managers operate and take decisions from very different viewpoints. A project 
manager has excellent understanding of issues at the activity level buy may be lacking the view of the 
“big picture.” On the other hand, a programme manager has first class knowledge of the programme 
strategy, the project execution context but is not aware of day to day problems of project implementation. 
His focus is primarily on the project execution environment. Although the differences in these viewpoints 
are logical, the problem is if there are appropriate communication channels in place between programme 
and project managers. In terms of uncertainty, a programme manager has the understanding of how 
project context affects strategic goals and how it is changing. The programme manager can assist the 
project manager by providing information about the context of the project execution. A project manager 
has a better opinion as to how project goals are feasible. These two different viewpoints should 
complement each other through the appropriate communication channels. Only then, can alignment 
between project and programme strategy be achieved.  
3.3. Identify instances of resource sharing - define relation to programme constraints 
All projects must be completed within the framework of the programme constraints. The primary 
constraints are the time frame in which the project must be completed and the overall programme budget. 
Within this framework, there are ample opportunities for optimization and streamlining processes. 
Moreover, there are many cases in which the use of common resources (labour, material, machinery) can 
be optimized.  
3.4. Quantify project benefits 
Uncertainty in the realization of project and programmes also implies that there is uncertainty in the 
realization of benefits. The uncertainty lies in the time of their realization, their final magnitude but also 
in the relationship relative to the costs that were required to achieve them. Cost Benefit Analysis (CBA) is 
a very useful decision tool in project and programme management. In effect, among different projects, it 
compares the total expected costs with the total benefits in order to determine the most favorable 
alternative. CBA was initially used in the U.S. in the 1930s. By the end of the 1960s it had spread around 
the world and was used in both developed and developing countries. Its broad purpose is to help decision 
making and to make it more rational by the more efficient allocation of available resources (Boardman 
et al., 2011). In CBA, the benefit-cost ratio is the ratio of the present value of benefits to the present value 
of costs over the examined time horizon. A project is accepted if the benefit-cost ratio is equal to or 
greater than one, since its benefits outweigh its costs. In the presence of uncertainty, Maravas et al. (2012) 
described the calculation of the fuzzy benefit-cost ratio as follows:  
/ ( ) / ( )B C PV B PV C=  (1) 
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where B~ : the fuzzy benefits, C~ : the fuzzy costs, PV: the present value. 
Surprisingly, even though much has been said about benefits management in programme management 
the literature on applying elements of CBA analysis in programme management is scarce. Hence, it is 
suggested that uncertainty analysis is applied to the results of CBA analysis of every project, and then 
these results are aggregated at the level of the programme.  
4. Example 
In this section, an indicative example is provided to illustrate the application of the guidelines. We 
consider a programme that consists of two projects (A, B) with the respective activity time and cost data 
of Table 3. Initially, in project A, time and cost estimations are performed for activities A1-A3 and they 
are represented as fuzzy numbers. Thereafter, with the help of the programme manager, the uncertainties 
in activity A2 are contextualized and in this case, they are increased. Using the principles of fuzzy 
arithmetic as defined by Kaufman and Gupta (1985), the total project time is ‹19, 23, 27› weeks and the 
cost is ‹33, 35, 38› thousand € respectively. Similarly, in project B, the uncertainty of activities B1-B3 is 
estimated. However, in this case, the uncertainty of B2, B3 is reduced in the context of the programme. In 
project B, the total project completion time and cost are ‹14, 17, 20› weeks and ‹28, 30, 34› thousand € 
respectively.  
Table 3. Sample project scheduling data 
Project A Project B 
 Project Uncertainty Project & Context  Project Uncertainty Project & Context 
Act. Time(wks) Cost (th. €) Time(wks) Cost (th. €) Act. Time (wks) Cost (th. €) Time (wks) Cost (th.€) 
A1 ‹7, 8, 9› ‹10, 10, 10› ‹7, 8, 9› ‹10, 10, 10› B1 ‹4, 5, 6› ‹11, 11, 11› ‹4, 5, 6› ‹9, 9, 9› 
A2 ‹6, 8, 9› ‹14, 15, 17› ‹8, 10, 12› ‹16, 17, 19› B2 ‹8, 9, 10› ‹13, 14, 16› ‹7, 8, 9› ‹12, 13, 16› 
A3 ‹4, 5, 6› ‹7, 8, 9› ‹4, 5, 6› ‹7, 8, 9› B3 ‹3, 4, 5› ‹8, 9, 10› ‹3, 4, 5› ‹7, 8, 9› 
Total  ‹19, 23, 27› ‹33, 35, 38›    ‹14, 17, 20› ‹28, 30, 34› 
In Table 4, assuming that both projects start at the same time, the completion time of the programme is 
‹19, 23, 27› weeks and is determined by the project that finishes the latest, which in this case is project A. 
Similarly, the total cost is equal to the sum to the total cost of both projects, namely ‹61, 65, 72› thousand 
€. For every project, fuzzy CBA analysis can be used to yield the expected benefits of the project. The 
total benefits achieved by the programme is the sum of the benefits achieved by each project separately. 
The B/C ratio of the programme is ‹0.97, 1.14, 1.28› which means that due to uncertainty, there is a 
possibility that the programme will not be successful. Indeed, project B has a significant possibility of 
underperforming. By going back to the project schedule data, the project and programme managers can 
determine the source of uncertainty and take measures to control it. Alternatively, the uncertainty in 
achieving benefits can be examined. The great advantage of using fuzzy set theory is that results can be 
aggregated with simple calculations from the project to the programme level. 
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Table 4. Project and Programme Uncertainty 
 Completion time 
(weeks) 
Total Cost 
(thous. €)  
Benefits 
(thous. €) 
Benefit/Cost ratio 
Project A ‹19, 23, 27› ‹33, 35, 38› ‹40, 42, 44› ‹1.05, 1.20, 1.33› 
Project B ‹14, 17, 20› ‹28, 30, 34›  ‹30, 32, 34› ‹0.88, 1.07, 1.21› 
Programme ‹19, 23, 27› ‹61, 65, 72›  ‹70, 74, 78› ‹0.97, 1.14, 1.28› 
5. Conclusions 
A holistic approach to modelling uncertainty in project and programme management has been 
presented. Fuzzy Set Theory has been used as the common basis of uncertainty modelling in different 
projects and then aggregating results at the programme level. With uncertainty mapping, uncertainty 
coming from the project and that from the project context can be distinguished. Hence, the project context 
can modify original uncertainty estimates. Additionally, elements from the body of knowledge of CBA 
are applied for the first time in benefits management of programme management. Thus, the realization of 
programme benefits is correlated to the programme time and cost uncertainty. It is envisaged that after 
setting up the appropriate communication channels, and standardizing scheduling methodologies it is 
possible for project and programme managers to be more aligned and coordinated in the achievement of 
their goals.  
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